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I ABSTRACT 
During t h e  p ~ s t  decade, numerous s tud-  
i e s  have demonstrated t h e  p o t e n t i a l  o f  
s a t e l l i t e  remote s ens ing  f o r  provid ing  
a c c u r a t e  and t ime ly  c rop  a r e a  informat ion .  
This s tudy  a s se s sed  t h e  impact  of  Landsat  
d a t a  a c q u i s i t i o n  h i s t o r y  on c l a s s i f i c a t i o n  
and a r e a  e s t ima t ion  accuracy of corn  and 
soybeans. 
Mult i temporal ly r e g i s t e r e d  Landsat  
MSS d a t a  from f o u r  a c q u i s i t i o n s  dur ing  t h e  
1978 growing season  were usea  i n  c l a s s i -  
f i c a t i o n  of e i g h t  sample segments i n  t h e  
U.S. Corn B e l t .  The r e s u l t s  i l l u s t r a t e  
t h e  importance of  s e l e c t i n g  Landsat 
a c q u i s i t i o n s  based on s p e c t r a l  d i f f e r e n c e s  
i n  c rops  a t  c e r t a i n  growth s t a g e s .  
11. INTRODUCTION 
Accurate and t ime ly  c rop  product ion  
information i s  a c r i t i c a l  need i n  today ' s  
economy. During t h e  p a s t  decade, s a t e l l i t e  
remote sens ing  has  been inc reas ing ly  rec-  
ognized a s  a means f o r  crop i d e n t i f i c a t i o n  
and e s t ima t ion  of  c rop  a r eas .  
An ex t ens ive  experiment, t h e  Large 
Area Crop Inventory Experiment (LACLE) ,  
was conducted by NASA, USDA, and NOAA 
dur ing  1974 through 1977 1 1 1 .  The purpose 
of LACIE was t o  a s s i m i l a t e  c u r r e n t  remote 
sens ing  technology i n t o  an experimental  
system and eva lua t e  i t s  p o t e n t i a l  f o r  
determining t h e  product ion  of  wheat i n  
var ious  reg ions  o f  t h e  world. I n  LACIE, 
a r ea  e s t ima te s  were made from c l a s s i f  i ca-  
tio.,s o f  Landsat MSS d a t a .  F ive  by s i x  
n a u t i c a l  mile  samples r ep re sen t ing  about  
t w a  p e r c e n t  of t h e  a g r i c u l t u r a l  l and  a r e a  
were s e l z c t e d  f o r  a n a l y s i s  t o  e s t i m a t e  
wheat a r e a  Scgments were a l l o c a t e d  t o  
p o l i t i c a l  u n i t s  accord ing  t o  t h e  h i s t o r i c a l  
a r e a  o f  wheat. The sample segments were 
used bo th  f o r  t r ' l i n ing  t h e  c l a s s i f i e r  and 
Cd1533-9/80/0tIOO-OC?2 $00.75 0 1  980 IEEE 
f o r  aggrega t ion  t o  o b t a i n  a r ea  e s t ima te s .  
Data from f o u r  Landsat  a c q u i s i t i o n s  were 
used i n  t h e  a n a l y s i s ,  i f  a v a i l a b l e .  The 
LACIE method was gene ra l ly  s u c c e s s f u l  i n  
ob t a in ing  unbiased and p r e c i s e  a r e a  esti- 
mates. 
Seve ra l  i n v e s t i g a t i o n s  have shown 
t h a t  t h e  p o t e n t i a l  a l s o  e x i s t s  f o r  i d e n t i -  
f i c a t i o n  and a r e a  e s t ima t ion  o f  corn  and 
soybeans [2 ,3 ,4 ,51 .  I n  one such i n v e s t i -  
ga t ion ,  a sys t ema t i c  sample of  p i x e l s  
spread  throughout  a Landsat  fu l l - f rame 
was c l a s s i f i e d  and used t o  make a r e a  
e s t ima te s ,  wh i l e  t r a i n i n g  d a t a  were ob- 
t a i n e d  s e p a r a t e l y  [2 1. The p i x e l  samplinfj 
approach Mas demonstrated t o  have t h e  
c a p a b i l i t y  t o  produce unbiased and p r e c i s e  
a r e a  e s t ima te s  f o r  smal l  (e.g.,  county) 
a s  w e l l  a s  l a r g e  (e .g. ,  s t a t e )  geographic 
a r e a s .  I n  t he se  i n v e s t i g a t i o n s ,  from one 
t o  f o u r  a c q u i s i t i o n s  of  Landsat MSS d a t a  
were used i n  t h e  c l a s s i f i c a t i o n s .  
The goa l  of  any e s t ima t ion  procedure 
i s  t o  o b t a i n  an  e s t ima te  which i s  both un- 
b i a sed  and p r e c i s e .  Numerous a s p e c t s  of 
t h e  c rop  inventory  problem us ing  remote 
sens ing  may a f f e c t  t h e  b i a s  and p r e c i s i o n  
of  t h e  e s t ima te s .  Choices i nvo lv ing  the  
s p e c t r a l  f e a t u r e s  t o  be  measured, t h e  
s enso r  t o  be  u t i l i z e d ,  t h e  t iming of  t h e  
crop observa t ion ,  and t h e  a n a l y s i s  methods 
used a r e  a l l  impor tan t  a s p e c t s  t o  be con- 
s i d e r e d  i n  t h e  d e s i g r ~  of  a remote s ens ing  
system. This s tudy  examines some temporal  
a s p e c t s  of u t i l i z i n g  Landsat  MSS d a t a  t o  
e s t i m a t e  corn and soybean a r eas .  
111. OBJECTIVES 
The o v e r a l l  o b j e c t i v e  o f  t h i s  s tudy  
was t o  a s s e s s  t h e  impact of  Landsat d c t a  
a c q u i s i t i o n  h i s t o r y  on c l a s s i f i c a , t i o n  and 
htrea e s t ima t ion  accuracy of  corn and soy- 
beans. S p e c i f i c  o b j e c t i v e s  were t o :  
1. Assess t h e  accuracy of  e a r l y  
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season estimates.
2. Determine the minimum number and
distribution of acquisitions
necessary for accurate identi-
fication and area estimation of
corn and soybeans.
3. Determine the difference in
accuracy obtained using a subFiet
of channels rather than all
channels in both unitemporal
and multitemporal classifications.
IV. APPROACH
Multitemporally registered Landsat-2
and -3 MSS data acquired over the U. S.
Corn Belt during the summer of 1978 were
analyzed. The data set consisted of eight
sample segments, each 5 x 6 nautical miles
in size. The locations of the test sites
were selected to represent a broad range
of conditions found in the Corn Belt. Two
segments each were located in eastern
Indiana, western Indiana, north central
Iowa, and west central Iowa.
Aerial photography was acquired over
the test areas and a wall-to-wall inventory
of crop types in each site was subsequently
conducted. Four data acquisition windows
were defined based on the corn growth
stage and high quality Landsat data had to
be available in each of those time periods.
The four time periods were: (1) preplant
to eight leaves, (2) 10 leaves to tassel,
(3) tassel to beginning dent, and (4) dent
to mature.
A systematic sample of the inventory
data was used for training and testing the
classifier. The pixel at every tenth line
and column of the Landsat data was examin-
ed. If that pixel fell in a field, the
cover type in the field was identified
from the ground inventory. The fields
selected by this procedure were randomly
assigned for either training the classifier
or testing classification accuracy. From
those fields selected for training, three
sets of data were clustered: all fields
of corn, all fields of soybeans, and all
fields of other cover types. This pro-
cedure insures "pure" cluster classes
(i.e., clusters containing pixels from
only one cover type).
After refinement of the statistics
was complete, the entire segment was
classified using three different classi-
fication algorithms:
(1) CLASSIFYPOINI`,S, a per point
Gaussian maximum likelihood
classifier. It is a processor_
from LARSYS, a remote sensing
data analysis system developed
at LARS [6].
(2) CLASSIFY, a sum-of-normal-
densities maximum li1:ulihood
classification rule which first
assigns each pixel into an in-
formation category and then
assigns the pixel to a spectral
subclass within that category.
It is a processor from EODLA.RSYS,
developed at NASA, Johnson apace
Center [7].
(3) MINIMUM DISTANCE, a linear
classifier from LARSYS which
assigns Each pixel to the class
whose mean is closest in
Euclidean distance [8].
The difference in overall classification
accuracies for the different classifiers
was statistically significant, although
most of the performances were within about
2% for all classifiers.
100
92,0 91,0
go -
80-
	 77.2
w
Q
L
0 70
V
•^
	 So'060
V
so
5(ri=d tEEI F_^:l rF
1 1,2 1-31-4
Acquisition Period
Figure 1. Overall classification per-
formance using cumulative spectral infor-
mation with a minimum distance classifier
and subsets of two, four, six, and eight
channels.
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Figl:re 3 illustrates the overall crop
identification accuracies of classifica-
tions using acquisitions from two, three,
and four different time periods. A sig-
nificant decrease in accuracy can be noted
wher. the third period, tasseling to early
dent of corn,is omitted from the three-
date analyses. The importance of an
acquisition from this t, 4.:ne period can also
be seen in examination r= the -two acqui-
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Classification accuracy was computes
based on test field performance. The
accuracies of estimates made using cumu-
lative spectral information through the
growing season are illustrated in Figure
1. Corn and soybeans were not spectrally
separable using data from the first time
period alone. In the Corn Belt, however,
relatively accurate identification can be
made of corn and soybeans together at
All possible combinations of time
periods were analyzed. In multitemporal
analyses using four Landsat acquisitions,
prior studies have demonstrated that the
use of eight wavelength bands yields
classification results as accurate as
using all 16 bands [9]. One visible
(.6-.71im) and one near infrared (.8-1.111m)
band were initially selected for the
multidate analyses. A subset of four
bands, selected from the available six or
eight bands on the basis of the maximum
transformed divergence value, was also
used for classification in three or four
date analyses.
V. RESULTS AND DISCUSSION
A. EARLY SEASON ESTIMATE ACCURACY
that time. Over the sane set of segments,
it was found that overall accuracy clas-
sifying into two classes (corn-soybeans
and other) was 92% correct, while the
three-class classification (corn, soybeans,
and other) was only 60% correct. The area
estimates for total corn and soybeans were
generally close to ground inventory esti-
mates (Figure 2) .
Consistently high classification
accuracies were not obtained until an
acquisition after the corn had tasseled
(growth stage three) was included in the
analysis. Tl_: classification accuracy did
not improve: by using later season informa-
tion when the crops of interest had
reached maturity.
B. MINIMAL ACQUISITIONS NECESSARY
Palo Alto County, Wells County, Henry County, Benton County, Shelby County,
IA	 IN	 IN	 IN	 IA
Sent Location
Figure 2. Comparison of classification estimates of total corn and soybean areas
with ground inventory proportions.
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Figure 3a. Overall classification
accuracies of three and four date clas-
sifications.
sition analyses: the three combinations
using the third time period resU ted in
higher overall accuracies than those with-
out that time period represented. The
overall accuracy for the third period alone
was only 85%, illustrating that classifi-
cations using the single best acquisition
period are not as accurate as can be ob-
tained using multitemporal spectral meas-
urements.
The following combinations of acqui-
sition periods had overall classification
accuracies which were not substantially
different: 1,2,3,4; 2,3,4; 1,2,3; 1,3,4;
and 1,3. These acquisition period combi-
nations had a range of overall accuracies
of 3% while the next highest accuracy was
about 3% lower than the lowest of these.
These results show that acquisitions from
time periods one (about emergence) and
three (after tasseling of the corn) provide
a minimal set for accurate identification
of corn and soybeans. No combination of
acquisitions which does not include period
three gave as high classification per-
formance; an acquisition from period one
appears to be less critical if acquisitions
from all the other periods are available.
Proportion estimates from this minimal
1,2 1,3 1,4 2,3 2,4 3,4
Acquisition Period
Figure 3b. Overall classification
accuracies of two date classifications.
set were generally close to ground in-
ventory proportions (Figure 2).
C. SPECTRAL BAND SELECTION
Landsat MSS channels two (.6-.7)jm)and
four (.8-1.11im) from each acquisition (six
for three date and eight for four date
analyses) were compared with the best sub-
set of four channels selected on the basis
of the maximum transformed divergence
value. The differences in accuracy and
variance reduction factors were significant
and, in general, use of all even numbered
channels gave higher classification per-
formances than the use of a subset of four
channels (Table 1). On the average, dif-
ferences were relatively small (0-5%). A
large variability, however, could make loss
in accuracy for a given segment with a
particular combination of acquisitions be
quite large (one value of 10.7% was ob-
served). A few cases, where the subset of
four channels performed better, were at-
tributed to better defined training sta-
tistics resulting from the dimensionality
reduction of the estimation problem or bad
data in the omitted bands.
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ITable 1. Overall Classification Accuracies (percent) ob-
tained by the Maximum Likelihood Classifier for All Even
Channels and a Subset of Four Channels (Average of Eight
Segments).
Time
Periods	 Ever,	 Mean	 Maximum
Analyzed	 Subset	 Channels	 Difference
	
Difference
1,2,3 91.2 93.6 2.4 5.5
1,2,4 86.5 86.7 0.2 -2.5
1,3,4 88.2 91.6 3.4 7.6
2,3,4 85.4 90.2 4.8 10.7
1,2,3,4	 89.2	 92.1	 1.9	 9.0
Single date classifications were con-
ducted using two and four bands. Analyses
estimating area of the two crops were not
conducted using acquisitions from the first
and second time periods individually, so
these two time periods were not assessed.
In acquisition period three, no significant
differences in accuracy were found over all
segments (83.1% vs. 83.0% overall accuracy).
On an individual segment basis, there was a
tendency (six of eight cases) for all
channels to perform better. For acquisi-
tion period four alone, the even channels
gave 4% higher overall accuracy on the
average, keeping this trend for four of
the six available segments.
VI. CONCLUSIONS
The results of this study illustrate
the importance of selecting Landsat ac-
quisitions based on spectral differences
in crops at certain growth stages. Use
of a Landsat acquisition when corn has
tasseled is critical, as this is the single
optimal time for separation of corn and
soybeans. In addition, an early season
acquisition when the summer crops appear
as bare soil can be beneficial in re-
ducing the confusion between these two
crops of interest and other cover types.
Additional Landsat acquisitions seem to
provide only a marginal amount of infor-
mation for corn and soybean separability.
All available wavelength bands need
not be used in the analysis. A subset
of one visible and one infrared band from
each date was found to produce results not
significantly different from the use of
all bands. Selection of a subset of these
bands may also be feasible for multi-
temporal analysis.
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